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TESTS  Oil  KERR   STEAJ.f  TURBINE  AND 
DIRECT- CO:niECTED  WORTIIIIIGTON  CENTRIPUfrAL  PUrtP. 

— ____«—_-__- _ »»»  00--  — -----------------  — 

OBJECT:-   The  object  of  this  thesia  waa  to  make  experimental 

inveatigations  to  determine:  (a)  concerning  the  Kerr  Steam  Tiarbine, 

the  water  rate,  horse  power,  impulse  efficiency  and  thermodynamic 

•fficiency  for  various  pressures  and  speedsj  and  (b)  concerning 

the  Worthington  Centrifugal  Pump,  the  capacity  and  efficiency  for 

TariouB  speeds  and  heads* 

APPARATUSj^-Se/ert-Stage  Kerr   Steam  Turbine,    18"j      Three  Stage 

Worthington  Centrifugal  Pump; Wheeler  Condenser  with  air,  and  water 

punps;  Venturi  Water  Meter,  l-Jt"   Throat. 

Two  Steel  Cylindrical  Weighing  Tanks  on  platforn  scales. 

Prony  BrsLke  attachment  for  turbine  including  1  platform  scales. 

Throttling  Calorimeter  with  thermometer. 

Various  pressure  and  vacuvm  gauges.   Electric  Tachometer.  , 

The  Kerr  Steam  Turbine  is  ofthe  impulse  type,  closely  resembling 

a  Pelton  Water  Wheel  in  design.  Thu  machine  experimented  upon  was 

designed  to  run  at  2400  R.P.}C.  and  at  100  pounds  per  square  inch 

initial  steam  pressure.  It  was  supposed  to  develop  sufficient 

power  to  operate  the  Worthington  Centrifugal  Pump  under  its  rated 

load.   It  haii  ^e/enslcigos  in  each  of  which  revolves  a  steel  disk 

with  double-cup  buckets  on  the  periphery.  The  steam  impinges  on 

the  buckets  from  converging  nozzles  of  such  number  and  size  that 

the  pressure  in  each  stage  is  approximately  six  tenths  (0.6)  of 

that  in  the  preceding  stage.   The  nozzles  are  arranged  as  follows; 
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The  turbine  has  a  centrifugal  govdihor  consisting  of  two 
semi- cylindrical  hollow  steel  weights  (placed  with  their  axes 
coinciding  with  the  center  of  the  shaft)  operating  a  balanced 
yalve  in  the  steam  chest  thus*  controlling  the  steam  supply  to 
the  turbine  (Note:-  For  description  of  turbine  and  governor,  see 
Engineer,  Chicago,  Apr.l,  1907.) 

DESCRIPTION  OF  BRAKE;-  The  Prony  Brake  instead  of  being  of  the 
usual  strap  end  block  type  was  built  in  two  parts  of  solid  oak. 
The  rotor  was  cu  soft  stco?   drum  about  12  inches  long  by  6  inches 
in  diameter.   The  pressure;  between  this  drum  and  the  oak  brake 
was  adjusted  by  means  of  a  hand  wheel,  as  nay  be  seen  from  the 
drawing  of  turbine  and  brake. •  Water  was  used  to  cool  the  brake, 
the  water  passing  through  holes  in  the  upper  section  and  coming 
in  contact  with  the  druE  along  grooves  which  were  cut  in  the 
brake  parallel  to  the  a:;iB  of  rotation.   The  holes  were  bored  at 
about  jt   inch  pitch  and  the  grooves  out  at  about  one  inch  pitch. 

Much  difficulty  was  at  first  encountered  because  of  the 
rs^id  heating  of  the  brake  and  consequent  stalling  of  the  turbine. 
An  atten^jt  was  made  to  remedy  the  trouble  "h'  lining  the  brake 
with  sheet  iron,  but  this  was  unsuccessful   and  the  iron  removed. 
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After  continued  operation  for  some  time  the  brake  becane  more 
satisfactory,  though  an  abundant  flow  of  water  was  at  all  times 
necessary.  The  difficulty  of  taking  accurate  readingsbecame 
less  as  the  tests  progressed  and  the  data  nay  be  depended  on 
as  being  read  with  less  than  one  percent  of  error.  The  brake 
constant  varied  slightly  from  day  to  day  and  was  tabulated  at 
the  time  of  each  experiment. 

^    The  pump  was  designed  to  operate  at  2400  R.P.M.  delivering 
200  gallons  per  minute  against  a  head  of  150  lbs.  per  eq.  inch* 
It  has  three  stages  in  each  of  which  is  an  ic^eller  and  stationary 
Tanes  suitably  arranged  to  convert  velocity  head  to  pressure  head. 
The  diameter  of  the  inlet  pipe  is  3  inches,  and  of  the  outlet 
pipe  2^  inches.    The  end  thrust  -on  the  shaft- is  taken  up  by  a 
water-cooled  bearing  on  the  inlet  end  of  the  bronae  shaft. 

The  foundation  of  the  unit  is  a  special  casting  so  constructed 
that  either  the  puir^)  or  the  Prony  brake  attachment  can  be  mounted. 
METHOD  OF  PROCEDURB;-  (a)  TESTS  OIT  TURBIITB. 

Brake  tests  on  the  turbine  were  made  both  condensing  at 
15  inches  vacuum,  and  non-condensing  (0  lbs.  per  sq.  in.  gauge), 
at  seven  different  speeds  ranging  from  3000  to  2400,  to  determin* 
the  horse  power  at  steam  chest  pressures  ranging  from  50  to  100 
lbs.  per  sq.  in..  The  various  speed  settings  were  obtained  by 
adjustment  of  the  governor.   The  actual  speed  was  read  on  a 
voltmeter  connected  to  a  small  direct  current  magneto  generator, 
attached  to  the  shaft.   Gauges  were  located  as  follows:-  (0-150) 
gauge  on  steam  pipe,  (0-300)  on  steam  chest,  a  gauge  communicating 
with  each  stcige,  one  on  the  exhaust  pipe  at  the  turbine  and  a 
mercury  column  on  the  condenser.    Twenty  minute  runs  were  made 


to  determine  the  weight  of  steam  flowing  thru  the  txirhine  at 
various  steara  cheat  pressures,  ranging  from  50  lbs.  to  100  lbs. 
per  sq.  inch,  by  steps  of  10  lbs..   During  these  tests  motion  of 
the  turbine  was  prevented  by  having  the  brake  clamped,  and  during 
each  run  the  steam  chest  pressure  was  held  constant  by  throttling. 
The  steam  was  condensed  and  weighed  in  cylindrical  steel  weighing 
tanks  on  Fairbanks  platfora  scales,  the  weight  being  checked  by 
readings  taken  every  five  minutes  during  the  run.  These  runs  were 
made  both  condensing  and  non-condensing.  During  the  runs  the 
pressures  in  the  various  stages  were  recorded. 
(B)  TESTS  ON  PU>£P. 

The  brake  attachment,  including  two  pedestals  and  shaft, 
was  then  removed  and  the  pump  mounted  on  the  foundation.  Water 
supply  was  led  to  the  pump  by  a  3  inch  pipe  from  a  sump  into  which 
the  water  v/as  discharged  after  leaving  the  high  pressure  side  of 
the  punp  thru  a  2-J-  inch  pipe.  Near  the  end  of  the  discharge  line 
was  a  Venturi  meter,  the  diameter  of  the  throat  being  1-k   inches. 
The  pressures  in  the  approach  and  throat  of  this  meter  were  read 
by  spring  gauges.    The  supply  pipe  to  the  pump  is  about  110  feet 
long,  having  4  bends  in  it  and  a  foot  valve  on  the  end  below 
water  in  the  sump.   The  discharge  pipe  is  about  the  same  length 
as  the  supply  pipe  and  has  6  bends. 

IShen  the  pump  was  first  driven,  the  bearing  nearest  the 
turbine  gave  considerable  trouble  by  rapid  heating.  This  difficulty 
was  overcome  after  the  brass  was  scraped  and  the  shaft  drawfiled 
on  the  scored  parts.   The  best  lubrication  was  effected  by  a 
mixture  of  equal  parts  engine  and  cylinder  oils. 
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The  piinqp  testa  were  made  with  the  turbine  running  condensing 
at  15  inches  vacuum,  and  speeds  of  about  2400,  2500  and  2600 
R.P.M.  respectively.   The  discharge  pressure  was  raised  by  throttling 
from  the  lowest  obtainable  to  about  150  lbs.  per  sq.  in.  making  in 
all  about  9  points,  and  the  corresponding  suction  pressure  and 
Venturi  gauge  readings  taken  for  each  speed  test. 
CALIBRATION  OF  I?JSTRmCffiTTS;- 

The  tachometer  and  millivoltmeter  were  originally  calibrated 
to  read  directly  in  R.P.M.  up  to  1000.   In  order  to  obtain  readings 
up  to  the  speed  of  the  turbine  a  resistance  "b^x   was  inserted  in 
series  with  the  tachometer  and  mHIlvoltneter  and  resistance  added 
till  the  movement  of  the  needle  tas  within  tne  range  of  the  scale 
for  a  speed  of  3000  R.P.M.   The  07 illi voltmeter  was  then  calibrated 
with  a  hand  speed  counter,  it  being  found  that  with  a  resistance 
of  9500  ohms  the  actual  R.P.M.  was  3.154  times  the  reading  of  the 
millivoltmeter. 

The  Venturi  meter  was  calibrated  at  the  Underwriters  Laboratory, 
Chicago,  because  of  the  limited  facilities  a.-t  the  Institute. 
Professor  Taylor  very  kindly  gave  his  own  assistance  and  the  use 
of  the  Uozzle  Meter.  Calibration  curves  for  the  nozzle  were  supplied 
stfid  the  discharge  in  gallons  per  minute  was  read  directly  cff  the 
curves.   The  Vanturi  meter  was  calibrated  with  dlBcharges  ranging 
from  118  to  295  gal.  per  min.   The  curve  of  Calibration  was  then 
plotted  between  the  discharge  and  the  fall  in  pressure  read  in 
pounds  per  square  inch  at  the  meter.   For  most  runs  the  pressure 
was  80  low  that  a  vacuum  gauge  was  used  on  the  throat. 

All  pressure  gauges  were  calibrated  by  means  of  the  Crosby 
Gauge  Tester.   Vacuum  gauges  were  calibrated/\again«t  a  mercury 
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coluan  on  the  Vheeler  Condenser* 

Thermometer  #2  waa  used  in  the  Calorimeter  and  was  found 
on  calibration  to  read  i  degree  low^/aro-u-gK  r-CLncj  t  tc  5  e  c) . 
CALCULATIONS;  - 

An  outline  of  the  calculations  made  and  where  they  may  be 
found  will  here  be  given.   Prom  the  data  taken  during  the  turbine 
tests  the  calculations  made  amount  to  a  complete  calibration  of 
the  machine.   The  data  sheets,  pages  .  ./.^ .It^.T.  .    show  the  results 
recorded  in  the  laboratory,  together  with  the  brake  horse  power 
(B.H.P.)  for  eaoh  point,  both  condensing  and  non-condensing. 
The  total  weight  of  stean  per  hour  for  the  various  pressures 
is  shown  on  page  » .  I  P. ,  These  figures  were  plotted  against 

the  steam  chest  pressures  and  a  smooth  curve  drawn,  then  the 
weights  corresponding  to  the  pressures  were  taken  from  the  curve 
and  tabulated  on  same  page  with  the  observed  data.   These  figures 
were  used  to  find  the  water  rate  per  B.H.P.  per  hour  by  dividing 
the  total  weight  per  hour  by  the  corresponding  B.H.P.,    The 
pressures  in  the  different  stages  are  also  shown  on  page  . .  / P. . .  . 

On  page  ..w..  is  the  data  leading  to  the  theoretical  horse 
power  calculations.  Adiabatic  throttling  is  assumed  from  pipe 
pressure  to  the  pressure  just  beyond  the  throttle  valve.   The 
various  items  from  the  steam  tables  corresponding  to  the  steam 
chest  pressures  (corrected  and  converted  to  absolute)  were  foundj 
and  in  the  data  are  denoted  by  subscript  "1*.   Thoso  for  pipe 
pressures  are  subscribed  "0"'.   The  total  heat  in  a  pound  of  steam 
at  pipe  pressure  is  x^r^-q^,  while  that  at  the  reduced  pressure 
past  the  valve  is  x,r,  -q  ,  X  being  found  by  assvuning  no  heat  lost, 
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hence  ^^a^  the  equation 

holds  for  th9  matter  in  hand*  Thus  the  heat  of  a  ppund  of  the 
steam  entering  the  turbine  proper  was  calculated*  xhen  knowing 
'l''l'*'4l>  ^^®  heat  at  the  back  pressure  was  calculated  by  assuming 
an  adiabatic  expansion  in  the  nozzles.  We  are  ^justified  in  this 
assumption  by  the  fact  that  at  no  time  the  outside  casing  of  the 
turbine  was  too  hot  for  comfortable  contact  with  the  hand.   The 
equation  used  was 

X  r  X  r 

•^ +  e^  =  ~i^ —  +  62  . 

1 

In  the  data  xir^+qi  is  denoted  as  H3^,and  X2r2+l2'^  ^2*   Finally 
Hq^-H2  is  the  heat  given  up  to  work  by  each  pound  of  steam.  Knowing 
the  weight  of  steam  flo?/ing  per  second  the  horse  power  equivalent 
is  found  by  the  expression 

Kinetic  Horse  Power  (K.H.P.)  — 

ra  v2          wv2               w2g(Hl~Hp.)778       w    (Hl-Hp)    778 
2x550  ~  2gx5T7T  "  — Sg  X  BSO =  —    bbU    ; 

where  M  as  nass  of  stean  flowing  per  second  , 

W  s  weight    "      «  "  n  V  , 

V  —  velocity  of  steam  due  to  difference  of  heat 

(Hi-H2)778  expressed  as  foot  pounds, 

778  -■  mechanical  equivalent  of  heat  , 

550  »  factor  converting  foot-lbs.  per  seo.  to  horse  power* 

P  O 
Page  .r:..  shows  the  assenbled  turbine  data.  The  corrected 

water  rate  was  found  by  multiplying  the  actual  by  the  quality 

taken  by  the  calorimeter  on  the  steam  pipe.  The  thenaodynamic 
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efficlency  was  calculated  acoordlng  to  the  British  Code,  i.e., 

aboYe  the  heat  of  the  liquid  ai  the  exhaust  pressure ;  or 

Thermodynamic  Eff .  =      2545 

(actual  water}.  """  * 


^ actual  water ;„  (x  r  +a  -  a    ^ 
(    rate     )''  ^^I'^l+^l"  ^A' 

The  impulse  efficiency  is  the-ofgicioncy-of -tho  noggles  and 
-b^€kg1r?~-ef  in  -other  AvordOy—j-t— 4^-  the  ratio  of  the  horse  power 
actually  developed  (D.H.P.)  to  the  theoretical  horse  power 
(K.H.P.) ' 

Tlie  data  for  the  puuq)  tests  is  shown  on  page  ,..t.»      All 
pressures  given  are  corrected  for  gauge  calibration.  -}ie  gallons 
per  minute  pucqied  were  found  by  knowing  the  meter  head  and 
interpolating  on  the  curve  of  meter  calibration  on  page  .v..... 
The  horse  power  input  to  the  pump  was  found  by  taking  turbine 
curves  corresponding  to  the  average  speeds  and  back  pressure 
used  on  turbine  tests  and  interpolating  with  the  steam  chest 
pressure  on  the  horse  power  curves.  The  horse  power  output  was 
determined  from  the  known  amount  of  water  raised  against  the 
known  discharge  pressure;  it  equals  the  weight  lifted  per  minute 
multiplied  by  the  head  and  divided  by  the  factor  33000,   The 
ratio  of  the  horse  power  output  to  the  horse  power  input  is  the 
efficiency  of  the  pump* 
DISCUSSION  OF  RESULTS; - 

The  variation  of  the  efficiency  of  the  turbine  may  be  seen 
in  the  accompanying  curves.   Considering  the  curves  of  efficiency, 
horse  power  and  water  rate,  plotted  against  steam  chest  pressure 
as  abscissa;-  The  turbine  gave  its  highest  thermod^^-namio 
efficiency,  when  runnii^g  condensing,  at  speeds  from  2800  to  3000 
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R.P.M..   At  these  spoeda  with  90  to  100  pounds  steam  chest 

presaura  the  thenaodynaolo  officlency  was  about  5J3  per.  cent. 

As  the  speed  dropped  to  2400  R.P.M.  the  efficiency  at  these 

pressures  i^radually  fell  to  about  5.1  por  cent..  The  non- condensing 

runs  showed  the  bost  thernodynanic  efficiency  at  speeds  ranging 

from  2850  to  2500  R.P.?I. ,  being  lower  for  speeds  above  or  below 

■foT  Condt  ns  i  ng  -runs 
these  values.   The  iapulse  off IciencyAv/as  best  at  the  higher 

speeds  and  the  average  maximun  wasAwith  a  steam  chest  pressure 

of  81  pound8.»4g»r  condonoing  runs. 

Non-condensing  the  turbine  gave  the  best  impulse  efficiency 
at  speeds  of  2800  to  2500  R.P.M*  at  100  pounds  steam  chest 
pressure.   Water  rate  followed  the  same  general  trend  as  the 
efficiencies,  being  best  for  the  higher  speeds^  condensing,  and 
at  100  pounds  steam  pressure.   Non-condensing  the  water  rate 
was  lowest  at  speeds  between  2800  and  2500  R.P.M. * 

In  all  cases  the  B.H.P*  developed  was  almost  directly 

proportional  to  the  steam  chest  pressure,  the  horse  power  curve 

2700,  2600,&^B^OQ 
being  nearly  a  straight  line.    Curves  at  Bpeeds/|8how  h  tendency 

to  droop,  this  being  more  notioable  in  the  condensing  than  the 

non-condensing  runs.  Curves  of  efficiencies  and  water  rate^plotted 

against  horse  power,  have  the  same  general  characteristics  as 

those  plotted  against  pressure.   This  is  more  nearly  true  of 

the  non-condensing  i*uns  than  of  the  condensing,    because  of   the 

horse  power  curves  for  non-condensing  runs  being  more  nearly 

straight  lines.    This  makes  the  horse  power  approxiciately  equal 

to  a  constant  times  the  steam  chest  pressure  plus  a  constant. 

This  seoas  to  be  quite  a  universal  characteristic  of  small 


.N* 
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turblnes  with  this  type  of  valve  and  is  used  by  the  De  Laval  Co. 
for  estimating  horse  power.   (Note:-  See  Power,  June  1904) 

Tests  on  the  centrifugal  fujop   were  all  made  with  the  suction 
valve  wide  open,  for  it  was  found  that  the  friction  due  to  the 
small  size  of  the  suction  pipe  (3")  would  not  allow  variation 
in  the  suction  head*  With  a  discharge  of  200  gal.  per  min.  or 
over,  the  friction  in  the  supply  pipe  was  so  great  that  24  to  25 
inches  of  vacuum  were  indicated  on  the  suction  gauge.   The 
'^axiznum  water  discharged  was  230  gallons  per  minute  with  a  suction 
of  24.2  inches  and  a  total  lift  of  125.4  pounds.   It  is  seen, 
therefore,  that  about  225  gallons  per  minute  is  all  that  the 
suction  will  supply  to  the  punq),  and  that  any  reduction  in  dis- 
charge head  will  not  much  increase  the  quantity  discharged. 

The  first  run  was  made  at  about  rated  speed,  the  actual 
range  being  2360  -  2395  R.P.M. ,   The  turbine  was  run  condensing 
with  15  inches  of  vacuum.   The  discharge  head  was  varied  from 
150  pounds  per  square  inch  to  the  minimiua  possible,  ^e^  35.5 
pounds.   The  corresponding  discharge  varied  from  126  to  192.5 
gal.  per  minute,  and  the  suction  head  from  13,7  to  22,3  inches 
of  mercury.   The  best  efficiency,  46.5^  was  obtained  ?/ith  149.7 
pounds  total  lift,  and  162.5  gal.  per  min.  discharge. 

The  second  run  was  made  with  speed  ranf^ing  from  2440  to  2500 
R.P.M.  and  slightly  better  results  were  obtained.   The  best 
efficiency,  as  taken  from  the  curve,  was  49^  at  157  pounds  total 
lift  and  179  gal,  per  nln,  discharge.   At  this  speed  the  minimiaa 
discharge  head  was  34.5  pounds  and  the  maximiim  155  pounds.   The 
suction  head  varied  from  24.2  to  18.7  inches  of  meroiury. 
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Th«  third  run^ at  over  2600  R.P.M.^gav©  the  best  results 
though  difficulty  in  talcing  simultaneous  reading  made  it  the 
least  accurate,  Vhen  discharging  at  high  heads  the  load  on  the 
turbine  was  so  great  that  the  ▼acuxnn  could  not  be  kept  at  15 
inches.  It  was  therefore  necessary  to  run  the  turbine  at  light 
load  till  the  Tacuun  was  several  inches  too  high.   Then  quickly 
throttling  the  discharge  and  thus  raising  the  head,  readings 
were  taken  at  the  instant  the  gauge  needle  Indicated  15  inches 
vaouura  on  the  turbine.   The  raaxlmum  total  lift  during  this  run 
was  166*27  pounds  and  the  corresponding  discharge  225  gal. 
per  rain*.  This  reading  also  gave  the  best  puinp  efficiency  obtained, 
57»3  per  cent..   The  curve  indicates  that  the  discharge  might 
have  been  throttled  to  a  still  higher  lift,  and  given  a  better 
efficiency,  but  inability  of  the  turbine  to  carry  the  load  made 
further  readings  impossible. 

In  conclusion  it  is  seen  that  both  pvoi^p  and  turbine  gave 
the  best  results  at  considerably  over  rated  speed,  which  wa« 
2400  R.P.M. »  It  is  difficult  to  find  comparative  data,  but  there 
are  some  tests  recorded  in  the  A.S.M.S.  Transactions  for  Dec. 1905 
for  a  10  horse  power  De  Laval  Turbine  at  Purdue  University.  The 
steam  pressure  at  the  boiler  was  130  pounds,  but  the  values  at 
the  turbine  were  varied  from  17  to  127,  back  pressure  atmospheric. 
The  following  table  shows  these  results: ■ 
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TAB£S  !• 

-^ 

B.H.P. 
0.00 

PresBur* 
17.1 

Steam  per  B.H.P.  hr. 

2 

1.63 

42.2 

128.6 

3 

2.36 

48.5 

99.8 

4 

2.97 

55.6 

85.7 

4  nozzles   in 

aotion 

5 

3.46 

61.9 

79,6 

6 

4.38 

70.8 

71.5 

7 

5.10 

76.9 

64.4 

8 

7.52 

99.6 

53.6 

9 

8.24 

104.4 

51.3 

10 

10.33 

126.3 

47,8 

11 

0.00 

31.3 



3  nozzles  In 

action 

12 
13 

3.95 
4.77 

83.6 
93.4 

67.8 
60.0 

14 

6.50 

111.7 

53.3 

15 

0,00 

42.2 

2  noszlas  In 

aotion 

16 
17 

1.95 
3.43 

83.5 
121.1 

83.4 
65.0 

18 

3.87 

127,0 

59.3 

In  these  tests  the  results   realized  are  slightly  better 
than  those  we  obtained  with  the  Kerr  Tvirbine.   The  following 
figures  are  the  data  for  tests  made  on  a  Kerr  Turbine  at  the 
Kerr  Shops: 
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TABLB  2. 
R«Bulta  of  Tests  made  in  the  Kerr  Shops,  of  an  18' 
60  Hj?K«rr  St.  Turbine.  1907, 
TESTS 
12  -  10  -  11  -  06. 
Condensing  26* 


t                    Brake              St. Chest  Steam  Steam  poi" 
Duration  R.P.K,                 B.H.P.          per  hr   B.H.P. 
Groaa  Tare  Net Pregs. per  hr. 


3096 
3108 
3116 
3168 
3193 




--- 

125.0 

2206 

66 

80.75 

45.25 

66.4 

99.5 

1749 

26.35 

62 

tt 

41.75 

61.6 

89,5 

1655 

26.9 

55 

tt 

34.75 

51,3 

74.5 

1471 

28.65 

44«25 

» 

23.50 

35.3 

49,7 

1061 

30.1 

33 

N 

12,25 

18.55 

25.0 

724 

39.0 

3034 
2474 

3084 


Hon-oondenaing 


44  20.75  23.25 
47.6  •  26.75 
40.25     "    28.50 


33.4 
31.4 

28.5 


99.5 
99.5 
89,5 


1749 
1749 
1655 


52.3 
55.7 
58,1 


Stage  PresBur© 

B 

t  No. 

Steam  Chest 

#12     3     4 

5 

6 

Exh. 

1 

90 

46 

Id 

5.5 

3" 

13« 

2b* 

26" 

2 

125 

58 

30 

12 

1 

9.5 

17.5 

26" 

3 

100 

45 

22 

7.5 

1 

12 

19 

26" 

4 

75 

32 

14 

2.75 

5.5 

14.5 

21.5 

26" 

5 

50 

18.5 

5 

2.75 

10 

18 

23 

26" 

6 

25 

6,5 

2» 

11" 

16" 

21" 

24 

26" 
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The  results  non- condensing  for  water  rates  are  ^^proximately 
the  same  as  ours,  perh^s  a  trifle  lower.   Since  our  condensing 
runs  were  made  with  15"  vacutim,  it  is  difficult  to  find  corn- 
par  at  ire  figures.    The  condensing  runs  on  the  Kerr  Turbine 
in  Table  2,  were  raade  at  26"  vacuum  and  show  a  much  better 
economy  -  between  26  and  30  pounds  per  B.H.P. ,  Tests  on  some 
small  Be  Laval  machines  gave  about  25  pounds  per  B.H.P.  economy. 
(See  Engineering,  Bee. 29,  1905,  P. 880) 

Comparative  data  on  pump  tests  is  also  difficult  to  obtain. 
The  following  table ^ ho we ver^ will  indicate  the  results  of  tests 
on  a  Be  Laval  Puuq)  of  1700  gallon  capacity  at  100  foot  lift. 
These  figures  show  a  higher  efficiency  (about  74^)  than  we 
obtained  with  the  Worthington  Piunp. 
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TABLE  3. 


U^^d-Otwrn. 

Krn 

t 

fb.H.P. 

KOTXA. 

i&tn 
B.T-a. 

H.F- 

TUaJL 

155.2 

25-7/16 

1553 

59.6 

24.06 

61.5 

14-27/32 

44.51 

94.9 

1860 

74.7 

153.5 

25i 

1547 

58.9 

24.21 

61.26 

13i 

44.55 

100.37 

1759 

75.6 

150,7 

25^ 

1540 

57.7 

24.33 

60.00 

I2-9/I6 

43,59 

106.94 

1615 

75,5 

143.5 

25i 

1549 

54.8 

24.53 

54.47 

9i 

40.72 

115.46 

1398 

74.3 

161 

25i 

1570 

57.5 

24.5 

37.43 

6-1/I6 

31.80 

125.85 

1001 

67.6 

126 

25* 

1547 

57,7 

25.45 

16i 

22.98 

45.97 

1978 

48.1 

70 

25-7/16 

1565 

24.9 

H 

142.15 

169.5 

1537 

45.15 

14* 

43,85 

95.14 

1826 

169. 

1535 

45.12 

13i 

43.82 

99.05 

1753 

169.7 

1538 

44.62 

I2-3/I6 

42.93 

104.42 

1629 

148. 

25-9/16 

1536 

56.65 

2442 

50.64 

15-19/32 

34.95 

70,72 

1558 

61,7 

124. 

26 

1565 

24 

142.15 

I  Laval  Pump  #1977,  Type  L,P,-S« 

ipacity  1700  gal.  at  100  ft.  head. 

.P.M.  1500 

Lse  of  Suction  Pipe  8» 

Ls«  of  Discharge  pipe  8" 

iference  -  Power;    June,    1904, 


STEAM  FLOW  TE3TJ.                                                      H 
CONDENSING 

STEAM 

CHCST 

6TA0C 
•/    ^ 

n 

*3 

m 

*<- 
S   '1 

*6    . 

4 

'7    .. 

Cal. 
Tetnio. 

Total    Wi. 
Condensed 
jar-r  A  m j  *■ 

Wt.  /-i-om 

Curve  ■ 

SO 

IQ.S 

6.0 

-/.-f* 

10-4 

IZ.7 

147 

/4-^6  2.1  J 

1  0  14. 0 

/  0/8 

60 

24.S 

/I -6 

0 

9.0 

/2  7 

J4 

/48 

1// 

1  Ill-S 

//57 

70 

26.8 

145 

0 

7,9 

/2.S 

J4 

/4-g 

2H 

13  07.2 

/3/0 

80 

33.6 

170 

0 

6  4 

/2.2 

141 

/S-O 

2J2 

/4  6S.S 

/46Z 

90 

396 

20.0 

/•s" 

47 

//•2 

ISA 

i4-'r 

2/1 

Ib2(,.0 

/626 

100 

— 

— 

— 

- 

- 

— 

— 

111 

17  79.0 

/763 

B 

?f   PR 

^^Q 

?£:j    < 

'ORRE 

■.T€D 

N0N-( 

'.ONDB, 

s/SJNG 

so 

1  9.0 

/oe 

s-s 

3 

o 

O 

O 

211 

986 

996 

60 

23. o 

IS. 5 

7-7 

3,S 

22 

0 

0 

2/8 

1/53-5 

//4S 

70 

3o.O 

f6.Z 

8./ 

3.8 

Z.J 

0 

o 

•1 

/23a.S 

/Z<35 

do 

3  SO 

18.4 

9S 

ST.  6 

3.S 

2.6 

o 

.. 

/440 

J  444 

90 

— 

- 

- 

— 

~ 

— 

— 

^^ 

/6oz 

1  600 

too 

- 

- 

- 

— 

— 

- 

— 

•I 

/73S.6 

I7SZ 

1 

VENTURI    METER    CALIBRATION 


\\          VENTUf' 

?/    METER 

n.-f..(.  1 

N0Z1LE  METER 

Jp;j^f 
Fress. 

Cu.ft. 
.sec. 

ft.  iA/a.te-f 

ft.M^O 

C»ef^. 
c 

ISiJW'Jifl 

Rec.       Corr. 

D/a.m  ■ 

GaIs 
mrr> 

26 

27  3 

II 
ZbS 

Z4>.t 

40  / 

JO 

J% 

295 

<c>.33 

■657 

^,6/ 

.92.  S 

/.OO 

/28 

J3.S- 

ib.t: 

/6.3's 

ZI.S 

JO 

j'/z" 

2/3 

4.67 

-474 

7.05- 

40.7 

d'SBS 

/0.3 

/3.2 

59" 

s.es 

IS. OS 

/O 

J  %" 

/77 

337 

'394 

589 

34.7s 

0.978 

9.6 

li.e 

/.3* 

A3* 

10  3 

JO 

/  V 

J4  7 

3.2/ 

-327 

4.87 

23.0 

0.981 

9.S 

II. S 

3.9* 

4.2s* 

7.2  5- 

JO 

/«" 

/J  8.5 

2.€>9 

.264 

4.og 

1675 

a.Q44 

/S.3 

n-4- 

/.s* 

2* 

/S.4 

/£- 

z^" 

JBo 

3.9  z 

■400 

5.96 

3S6 

0963 

/6.0 

J  S.J 

a" 

7.9" 

22.0 

JS" 

z^" 

2J8 

4.68 

'485 

l.JJ 

50.7s 

0.99$ 

1S.3 

276 

3* 

3.4* 

242. 

2S 

/^•' 

232 

4.92 

•5/6 

7  47 

559 

lOlZ 

1S.4 

27  7 

//* 

//.2* 

/(,.S 

2S 

/V 

J  87 

-^,«36 

'4/6 

6/7 

Be./ 

0.98  g 

2  7-2. 

2^6 

/3.3" 

f3.l" 

36.04 

2S- 

/V 

Z80 

6.0 

■623 

9.IZ 

83.2 

/OO 

KII^ETIC     HORSE  POV/^R    QALQULA  TIONS- 


Cor^DE/\[.5J/^G^ 


TO.  3 

80. s- 

9  1- 
lOl-  3 


Pipe        ^x'joe 
Press      Pre  J  J 
Ac-6-ua.l    Co-rr 


•7S-         77  6 

ys-       77  6 

8  s-  8  8 

90  933 

9S-  96  S- 

100  I  o3.  & 


Press       y.  r         (■ 

^^  ^  i____  " ! '. \ L- \ 


■9/.gs      96.35    ee6  4    2g/6     90S-9   Z66.6    -4326 

^91  9S      96.3S    888.4    Z9/  6    eQ9.lS ZV6.Z6 -^ ^S") 
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MANUFACTURE 
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PROORESS. 
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DE  LAVAL. 

De  Laval  turbine  using  superheated  steam 
Engineering  llews  2  C.    47  :  318 
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MISCELLAraOUS. 

Trublne  progress 
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